Hepatitis E virus (HEV) is an unclassified virus with a positive-sense RNA genome and an undefined replication strategy. In order to determine whether the HEV genome is capped or not, we developed a reverse transcription-PCR assay that is based on the ability of a monoclonal antibody to recognize 7-methylguanosine (m 7 G). Antibody to m 7 G bound RNA extracted from virions of two different HEV genotypes. The cap analog competitively inhibited the binding of virion RNAs, demonstrating that HEV has a capped RNA genome.
Hepatitis E virus (HEV) is a spherical, nonenveloped virus, 30 to 32 nm in diameter. HEV was initially classified as a member of the family Caliciviridae (2) but was recently removed from this family and is again unclassified (8) . The positive-sense single-stranded RNA genome of approximately 7.5 kb is organized into three open reading frames with a short 5Ј nontranslated region (NTR) and a short 3Ј NTR terminated by a poly(A) tract (9, 11) . The largest open reading frame, ORF1, begins 27 nucleotides (nt) downstream of the apparent 5Ј end of the genome and extends about 5 kb. It is presumed to encode nonstructural proteins, since it has motifs characteristic of several viral enzymes, including a methyltransferase, a papain-like cysteine protease, an RNA helicase, and an RNAdependent RNA polymerase. ORF2, encoding the putative capsid protein, begins downstream of ORF1 and extends approximately 2,000 nt before terminating upstream of the polyadenylation site. ORF3, less than 400 nt in length, overlaps both ORF1 and ORF2 and encodes a small immunogenic phosphoprotein which associates with the cytoskeleton (6, 14, 17) .
The replication strategy of HEV is still not understood (12) . The presence of a methyltransferase motif in ORF1 suggests that HEV may have a capped RNA genome, since this enzyme is generally responsible for methylating the 5Ј-terminal guanosine in the cap to produce the structure m 7 G(5Ј)ppp(5Ј)X (13). HEV has not been available in quantities sufficient for biochemical characterization, and the lack of an efficient cell culture system prevents radioactive labeling experiments that might provide direct evidence for a cap at the 5Ј end of the genome.
Antibody to cap structure has been used previously in immunoadsorption assays to demonstrate that RNAs of some viruses are capped (4, 5, 10) . Therefore, in order to determine whether the HEV genome is capped or not, we have developed a reverse transcription-PCR (RT-PCR) assay that is based on the ability of a monoclonal antibody (MAb) to 2,2,7-trimethyl guanosine (m 3 G) to cross-react with intact m 7 G cap structures (1). This antibody was previously shown to precipitate m 7 Gcapped SP6-␤-globin RNA but not GpppG-terminated or noncapped RNAs (1) .
Synthesis of control RNAs. The full-length genome of HEV, strain SAR-55, was amplified by long RT-PCR essentially as described by Tellier et al. (15) . Briefly, genomic RNA was extracted from HEV in 200 l of 10% human stool suspension with Trizol reagent (Gibco-BRL) and reverse transcribed with Superscript II reverse transcriptase (Gibco-BRL) at 42°C for 1 h. The cDNA was subsequently amplified by using the KlenTaq advantage kit (Clontech); the forward primer 5Ј-GGGTC TAGA(TAATACGACTCACTATA)GAGGCAGACCACAT ATG-3Ј, comprising an XbaI site (boldface and underlined), a T7 promoter (parentheses), and the terminus of HEV 5Ј noncoding region; and the reverse primer 5Ј-GGGGATATCTTT TTTTTTTTTTTTCAGGGAGCGCGGAACG-3Ј, comprising an EcoRV site (boldface and underlined), a poly(T) tract, and the terminus of HEV 3Ј noncoding region. The gel-purified HEV cDNA and the vector PSK(ϩ) II (Stratagene) were both digested with XbaI and EcoRV and ligated together to provide a full-length clone. The full-length clone of HEV was digested with EcoNI and SnaBI, to delete a fragment of about 100 bp in the 5Ј half of ORF1 (positions 1508 to 1608). Digested DNA was blunt ended with the Klenow fragment of DNA polymerase I (Gibco-BRL) and ligated by T4 DNA ligase (Gibco-BRL) to provide a deleted plasmid. The plasmids containing fulllength or deleted HEV genome were purified with the Qiagen Plasmid Maxi kit, linearized with EcoRV, and transcribed in vitro with the AmpliScribe T7 transcription kit (Ambion) in order to generate capped (Epicentre reagents) or uncapped RNAs for controls. After transcription, DNA template was eliminated by digestion with RNase-free DNase I (Promega) for 30 min at 37°C. The transcribed RNAs were purified by LiCl precipitation (Ambion) followed by extraction with Trizol reagent (Gibco-BRL). Dilutions of purified transcribed RNAs were directly subjected to PCR without prior reverse transcription to verify the removal of the DNA template.
Immunoselection of RNAs with anticap MAb. MAb H20, which recognizes the m 3 G and m 7 G cap structures (1), was kindly provided by Reinhard Luhrmann, University of Marburg. Sepharose beads (Gammabind G-Sepharose; Pharmacia) (500 l) were washed with binding buffer (10 mM NaH 2 PO 4 , 150 mM NaCl, 10 mM EDTA, pH 7.0) and incubated with the H20 MAb at 4°C overnight. The antibodycoupled beads were washed three times with binding buffer. As a control for the specificity of RNA binding, beads were also coupled to an irrelevant MAb, antikeratin (Cappel-ICN Pharmaceuticals, Inc.), under the same conditions. For each reaction, 75 l of a 50% suspension of beads coupled to anticap or to antikeratin MAb was mixed with 25 l of in vitro-transcribed RNAs or with authentic HEV virion RNA, diluted to a final volume of 150 l with binding buffer, and incubated at 4°C for 1 h. After centrifugation, the supernatant was collected and the beads were washed three times in 500 l of binding buffer containing 0.5% Nonidet P-40. The competition assay was performed by incubating the anticap MAb-coupled beads with the methylated cap analog, m 7 G (5Ј)ppp(5Ј)G, or with unmethylated cap analog, G(5Ј)ppp(5Ј)G (Epicentre), for 1 h at 37°C prior to incubation of the washed beads with RNAs. RNA bound to the anticap MAb-coupled beads and free RNA in the supernatant were recovered by phenol extraction and ethanol precipitation. The RNA pellets were suspended in 25 l of water containing 40 U of RNasin and 0.1% dithiothreitol.
RT-PCR. Primers specific for the same 5Ј portion of ORF1 of the SAR-55 strain (16) and of the swine HEV strain (7) were synthesized commercially (Gibco-BRL). The SAR-55 forward primer (positions 1362 to 1382) and the reverse primer (positions 1705 to 1685) amplified a region spanning the deletion in the transcribed SAR-55 RNA genome. RNAs extracted from anticap MAb-coupled beads and from corresponding supernatants were incubated for 10 min at 65°C and then chilled on ice. Reverse transcription with antisense primer was performed with Superscript II reverse transcriptase (Gibco-BRL) at 42°C for 1 h, and cDNA was amplified by PCR with AmpliTaq Gold polymerase (Perkin-Elmer). The PCR consisted of 39 cycles of denaturation at 94°C for 1 min, annealing at 48°C for 1 min, and extension at 72°C for 1 min 30 s. PCR products were visualized by UV light after electrophoresis in a 2% agarose gel containing ethidium bromide. The band expected from amplification of the in vitro transcript of the full-length HEV clone and from HEV virion RNAs was 343 bp, and that from the in vitro transcript of the deleted clone was 243 bp. 3) , virion RNA extracted from the human HEV strain (lanes 4 to 6), or virion RNA from the swine HEV strain (lanes 7 to 9); the beads were preincubated with m 7 (5Ј)GpppG (lanes 2, 5, and 8) or GpppG (lanes 3, 6, and 9). MW, molecular weight markers.
Specificity controls. Capped and uncapped SAR-55 RNAs transcribed in vitro were used to determine the optimal conditions for specific binding of viral RNA to anticap MAb coupled to the beads. Semiquantitative RT-PCR of capped and uncapped RNA transcripts was performed to determine the PCR titer, expressed in genome equivalents (GE) for each transcript. One hundred GE of each transcribed RNA was incubated with anticap MAb-coupled beads. A constant volume of beads coupled to anticap or antikeratin MAb was incubated with an equivalent amount of each capped or uncapped transcript. After incubation and centrifugation, RNA was extracted from the MAb-coupled beads and from the corresponding supernatant, and the paired RNA samples were subjected to RT-PCR at the same time under the same conditions. Neither capped nor uncapped transcripts bound to the beads coupled to the antikeratin (data not shown). The RNA extracts from the anticap MAb-coupled beads were positive for HEV genome after incubation with capped RNA transcripts, whereas the corresponding supernatants were negative. In contrast, the same beads incubated with uncapped RNA transcripts were negative for HEV genomes, and the corresponding supernatants were positive (Fig. 1) .
Binding of HEV genomic RNA by anticap antibody. HEV genomic RNA was extracted from a human stool suspension containing the SAR-55 strain (16) and from a rhesus monkey stool suspension containing the swine HEV strain (7). One hundred GE was similarly incubated with anticap MAb-coupled beads. The beads and the corresponding supernatant were extracted as described for the in vitro RNA transcripts. As shown in Fig. 2 , HEV cDNA from the human HEV strain as well as from the swine HEV strain was amplified from the extract of the beads but not from the extract of the corresponding supernatant, demonstrating that HEV virion RNA was bound by the anticap MAb. This experiment was repeated many times with similar results. The specificity of the binding reaction was also confirmed by modifying the experiment to include an additional step in which the anticap MAb-coupled beads were incubated with an excess amount of methylated cap analog or unmethylated cap analog before the addition of HEV RNAs. The unmethylated cap analog did not compete for binding (Fig. 2) . In contrast, the binding of authentic virion RNAs and capped in vitro-transcribed control RNA was abolished by prior incubation of the MAb-coupled beads with methylated cap analog (Fig. 2) .
These data strongly support the conclusion that the HEV genome is indeed capped. The H20 MAb used in this experiment is known to have a high affinity for both m 3 G and m 7 G cap structures (1) . Synthetic HEV genomic RNA bound the H20 MAb-coupled beads only when it was capped. The two HEV strains tested are as distant as any two HEV strains and have only 79 to 80% nucleotide sequence homology in the ORF2 gene (7), but they reacted in the assay in a manner identically to that of each other and of the in vitro-capped RNA. Moreover, binding could be competitively inhibited by the cap analog m 7 G(5Ј)ppp(5Ј)G, confirming that binding was specific for the methylated cap structure. The conclusion that the HEV genome is capped is also supported by sequence data that assign a very short (27 nt) 5Ј NTR to the viral genome. A short NTR is compatible with translation directed by a cap but not by an internal ribosome entry site. Although the completeness of the 5Ј terminus of HEV cannot be confirmed until the infectivity of a cDNA is demonstrated, attempts to detect additional 5Ј nucleotides have failed, suggesting that the entire sequence has been identified (3, 6a) . Therefore, attempts to construct an infectious cDNA clone of HEV should include provisions for a cap.
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